Abstract: Natural resource professionals, ranging from forest managers and educators to floodplain managers, play a critical role in implementing and conducting outreach with regards to climate mitigation and adaptation appropriate to local and regional scales. Natural resource professionals can also pave the way by adopting actions that serve as demonstrations of efforts to mitigate greenhouse gas emissions or adapt natural systems for the future. A web survey of 1488 natural resource professionals across New York State (NYS) was conducted to assess their attitudes toward climate change, views toward climate change mitigation and adaptation priorities, actions taken to address climate change, and barriers faced as they relate to their professional responsibilities. The majority of natural resource professionals believe that climate change is happening, but there was slightly less agreement about human causes of climate change. Most natural resource professionals (69%) see evidence of how climate change is impacting natural resources in NYS, but few (17%) believed that there was sufficient information about how to address climate impacts at the local level. Nearly 60% of natural resources professionals undertook climate mitigation or adaptation actions in their work. Prominent influencing factors for action were proactive leadership and local impacts. Barriers to taking action on climate change were a lack of human and financial resources, the nature of costs relative to benefits, and lack of perceived threat. As managers and educators responsible for local water, land, and wildlife resources, natural resource professionals witness changes resulting from climate change first-hand. This paper will be useful to decision-makers at state and federal government levels regarding policies, incentives, and guidance that can be created with the goal of promoting a sound natural resource strategy in support of climate change readiness.
Introduction
Sustainably managing natural resources in a changing climate is an imperative to both mitigate and adapt to climate change [1, 2] . Changes in water resources, forests, fish and wildlife populations, and invasive species will all have critical feedback on agriculture, flooding, and, ultimately, the health of communities in New York State (NYS) and elsewhere [3] . In NYS, there are already observed changes in the overall climate according to the National Climate Assessment [4] . Temperatures increased by 2 • F from 1895-2011 [4] . Overall rainfall increased by 10% over the same time period; however, New York and the northeast region saw a greater increase in extreme precipitation events (70% from 1958-2010) than did any other region [4] . These trends are predicted to continue through the end of the century [4] . Specific changes will depend strongly on the emissions trend for the globe as a whole, with a 4-10 • F increase in temperature expected in the northeast under a high emission rate scenario and a 2-6 • F increase in temperature under lower emission rate scenarios. The frequency, intensity and emissions reduction target for the forecast year; (d) develop a climate action plan to reduce greenhouse gases; (e) adopt the Climate Smart Communities Pledge; (f) make investments to realize energy savings from buildings; (g) make investments to realize energy savings in transportation; (h) make investments to realize energy savings in industrial and waste processes; (i) make investments to protect or increase green and open space; and (j) plant trees.
For the climate adaption question, respondents were asked to indicate what actions they have taken in their agency/organization to adapt to anticipated climate change and could check all that apply. There were 12 response options for climate change adaptation actions: (a) develop a climate action plan; (b) implement a climate action plan; (c) monitor and evaluate a climate action plan; (d) plan for specific climate adaptation at the local level; (e) conduct a climate vulnerability or risk assessment; (f) conduct outreach and education about climate change; (g) work through new or existing partnerships on climate change issues; (h) provide funding for climate research; (i) collect data to monitor climate changes; (j) develop a comprehensive flood mitigation plan or program; (k) plan on a long-term time horizon (10 years or more); and (l) practice adaptive management.
A more specific set of adaptation questions relevant to each area of expertise (e.g., wildlife, water resources) were also asked on the survey (Appendix). Respondents were directed to respond to these questions based on what they self-identified as their area of expertise. Respondents could choose one or more areas of expertise. The survey questions for adaptation actions by area of expertise are provided in the Appendix. Because areas of expertise were not mutually exclusive, statistical comparisons between areas of expertise were not conducted. Except for descriptive data about the specific adaptations, results are presented for the population of natural resource professionals.
Climate change knowledge was self-assessed with the question, "How would you assess your current level of knowledge about potential climate change impacts in New York State?" (Figure 1 ). The response categories for this question were: I don't know much, I know a little bit, I am moderately well-informed, I am very knowledgable, and I am an expert. The survey questions asked on the questionnaire are provided in the first column of Tables 1-4 . Climate change attitudes were assessed with a battery of 18 items and the questions are listed in column 1 of Table 4 . A telephone survey of non-respondents was conducted to determine any effects of non-response bias. Respondents (web) were compared to non-respondents (telephone) on six socio-demographic variables (gender, race, age, income, education, area of expertise) and did not find statistically significant differences. The differences in the characteristics of respondents and non-respondents were not statistically significant at p < 0.05 and, therefore, did not warrant weighting of the data.
Results
A total of 448 natural resource professionals completed the survey (32% response rate). Survey respondents had a variety of expertise within natural resources: 47% land management, 37% water resources, 35% invasive species, 23% wildlife, and 11% fisheries (respondents could select more than Table 3 . Factor analysis results for "Resources Needed" 1 including factor loadings, Cronbach's alpha, and scale mean and standard deviation.
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Data Analysis
Scales to measure the constructs of influencing factors, barriers to action, and resources needed were developed via principal components analysis (PCA). Factor analysis is a data reduction procedure and was performed in SPSS Version 21 (Manufacturer, City, US State if applicable, Country). PCA is a type of exploratory factor analysis that is used to determine the underlying dimensions of (survey) data. PCA informs the development of factor scales that represent a conceptual variable and are comprised of multiple questionnaire items. The questionnaire items are assigned to a factor scale based on the strength of their factor loadings [20] . Varimax rotation was used for all PCAs to achieve an orthogonal matrix structure such that each variable loads highly onto only one factor, aiding in the interpretation of the factor [21] . Principal components factor analysis with Varimax rotation was conducted and Cronbach's alpha reliability was computed on three scaled variables: (1) influencing factors for climate change actions (mitigation and adaption); (2) barriers to taking action on mitigation and adaptation; and (3) resources needed to address climate mitigation and adaption. The factor analysis results showing how the variables were constructed are provided in Tables 1-3 . Factor loadings range from 0 to 1, with higher scores indicating a stronger relationship between the questionnaire item and the construct measured by the scale. Factor loadings greater than 0.5 were used to assign questionnaire items to a factor and then the factors were named based on what each one was descriptively and conceptually measuring (e.g., fiscal impacts). Five factors were extracted using PCA for influencing factors: local impacts, inaction of government, fiscal savings, pressure to act, and proactive leadership (Table 1) . Five factors were extracted using PCA for barriers to taking action on climate change: lack of perceived impact and understanding, inaction of government at all levels, lack of resources, intra-organization issues, and financial costs ( Table 2) . PCA extracted three factors for resources needed: decision tools and incentives, centralized information sharing and communication, and general and local information (Table 3) . The factor loading, scale mean, standard deviation, and Cronbach's alpha for these three variables are shown in Tables 1-3 . Mean scores, standard deviations, and descriptive statistics were also computed for climate change attitudes ( Table 4 ). The scales were constructed to measure the underlying dimensions of factors influencing action on climate change as well as barriers to action and resources needed for action.
A telephone survey of non-respondents was conducted to determine any effects of non-response bias. Respondents (web) were compared to non-respondents (telephone) on six socio-demographic variables (gender, race, age, income, education, area of expertise) and did not find statistically significant differences. The differences in the characteristics of respondents and non-respondents were not statistically significant at p < 0.05 and, therefore, did not warrant weighting of the data.
Results
A total of 448 natural resource professionals completed the survey (32% response rate). Survey respondents had a variety of expertise within natural resources: 47% land management, 37% water resources, 35% invasive species, 23% wildlife, and 11% fisheries (respondents could select more than one area, so the percentages do not sum to 100%). Sixteen-percent of survey respondents were Extension educators (n = 68). While many respondents reported only one area of expertise (47%), 30% reported two areas, 14% reported three, and 9% reported four or more areas of expertise. Respondents were 62% male and the median age range was 45-54 years of age; 94% of respondents were white and 55% had a graduate or professional degree as their highest level of education (35% had a B.S. as the highest level). Survey respondents reported natural resource management responsibilities ranging in spatial scale from local, such as working at the parcel (63%), municipality (17%), or county (30%) level to regional scales such as watersheds (67%). Thirty-percent of respondents had job responsibilities where they were directly responsible for land management, with acreage under their jurisdiction ranging from 10 acres to 500,000 acres.
Climate Change Beliefs and Attitudes
The majority of respondents believed that they were moderately to very well informed about the issues of climate change (Figure 1 ). There was a strong consensus among natural resource professionals in NYS that climate change will have impacts on natural resources and on human health and finances (Table 4) . Most believed that the science indicates that our climate is changing and agree that both adaptation and mitigation measures are needed (Table 4) . Eighty-eight percent of natural resource professionals in this study agree or strongly agree that the science indicates that our climate is changing, with slightly less agreeing or strongly agreeing that humans are responsible for climate change (72%). Nearly seventy-percent of respondents (69%) reported having already observed some effects of climate change in their local environments. However, despite these beliefs, few professionals felt that there was sufficient information about effects of climate change at the local level on how to address climate impacts at the local level (Table 4 ). Only about 10% did not see a need to address climate change mitigation (15%) or adaptation (11%) in their work as a natural resource professional.
Actions Taken to Address Climate Change Mitigation and Adaptation
Fifty-eight percent (n = 226) of natural resource professionals responding to this survey indicated that they had undertaken climate mitigation or adaption actions in their work. For mitigation actions, respondents had a mean of 3.0 actions with a minimum of 0 and a maximum of 10 mitigation actions taken. Of the respondents who took action, many listed mitigation actions aimed at reducing carbon emissions in their workplace (50%); 49% planted trees to protect and expand green spaces; 39% invested to reduce transportation energy costs; 25% purchased renewable energy; 20% conducted a baseline greenhouse gas inventory; 17% adopted an emissions reduction target, and 16% made investments to realize energy savings in industrial processes.
Respondents took a mean of 2.4 adaptation actions (minimum of 0, maximum of 12). The most common activity among those taking climate adaptation action was conducting climate-change related educational and outreach programs with stakeholders (64%) and working collaboratively with relevant agencies (29%); 14% conducted vulnerability assessments and 10% had developed or implemented a climate action plan. Some respondents reported collecting environmental monitoring data (35%) and providing funding for climate change research (19%). Concrete examples of actions taken included resizing culverts for larger stream flows during extreme weather and storm events and conducting an invasive control project.
Respondents rated adaptation actions that they believed were most important to address for their area of expertise (land, water, fish and wildlife, invasives). For fish and wildlife professionals, key adaptations rated highest were maintaining the health and resiliency of key habitats and migration corridors to allow natural adaptation (38% rated as very important) while monitoring population trends and habitat conditions (36% rated as very important). Also rated as very important adaptations were expanding stream, lake and riparian zone restoration and protection (43% rated as very important) and reducing other anthropogenic stressors such as sprawl, fragmentation, and pollution were most important (50% rated as very important). For those working with invasives, they stressed providing increased attention on early detection and response (50% rated as very important) as well as increased regional coordination within NYS and with neighboring states (49% rated as very important). In addition, for the natural resource professionals surveyed who are working with invasives, 39% thought that an ecosystem-based management approach was very important. For water resources, key climate adaptation strategies were reducing impervious surfaces (46% rated as very important) and creating incentives for protection of water resources through low impact development and better site design (44% rated as very important). Monitoring populations and habitat were common across many areas of expertise (40% invasives, 38% land, 36% fish and wildlife, and 26% water).
Factors Influencing Climate Adaptation and Mitigation Actions
Prominent factors influencing climate mitigation and adaptation action by respondents were being a responsible and proactive leader, having observed evidence of local impacts from climate change, and seeing evidence of savings or other fiscal benefits (Figure 2 ). Proactive leadership was comprised of being proactive and getting a head start on addressing changes, being a responsible leader, cooperating with other agencies and developing useful partnerships, and thinking both globally and locally. Local impacts encompassed impacts of or threats of climate change at the local level, scientific evidence that climate changes are real, conserving resources and building resilience, and also concerns about social equity. Thus, experiencing climate change at the local level was related to taking action. Lack of climate change action at state and federal (policy) levels was not a strong motivating factor regarding climate actions taken. distinct from the lack of resources barrier, which was about lack of funding and staff to develop new programs or take on new initiatives, especially with a feeling of being overwhelmed and not knowing where to start. Conflict over climate change within the respondent's agency or organization did not appear to be a significant barrier, nor did inaction of government on climate change. When asked what resources would be useful in addressing climate chage natural resource impacts, respondents rated all three factor scales highly. Decision tools and incentives had the lowest mean at 3.97, while the centralized information sharing and communication scale had a mean of 3.90 and the local projections and data scale had a mean of 4.10 (where 1 = not at all useful and 5 = very useful). Thus, it appears that a range of climate change resources are desired by respondentsparticularly those resources and tools that focus on providing local data and information about climate change such as predicted changes in rainfall, temperature, and sea level rise. Conversely, the most significant barriers described by those who had not taken climate mitigation or adaptation actions included lack of financial and human resources, costs relative to benefits, and lack of a perceived threat or understanding of climate change (Figure 3) . Lack of resources was about the lack of funding and staff to take on new initiatives. Financial costs were comprised of both mitigation and adaptation costs and also a belief that savings are not realized immediately. This cost may be too high in light of other pressing problems that demand a respondent's attention in their agency or organization. The financial cost barrier was related but distinct from the lack of resources barrier, which was about lack of funding and staff to develop new programs or take on new initiatives, especially with a feeling of being overwhelmed and not knowing where to start. Conflict over climate change within the respondent's agency or organization did not appear to be a significant barrier, nor did inaction of government on climate change.
When asked what resources would be useful in addressing climate chage natural resource impacts, respondents rated all three factor scales highly. Decision tools and incentives had the lowest mean at 3.97, while the centralized information sharing and communication scale had a mean of 3.90 and the local projections and data scale had a mean of 4.10 (where 1 = not at all useful and 5 = very useful). Thus, it appears that a range of climate change resources are desired by respondents-particularly those resources and tools that focus on providing local data and information about climate change such as predicted changes in rainfall, temperature, and sea level rise. When asked what resources would be useful in addressing climate chage natural resource impacts, respondents rated all three factor scales highly. Decision tools and incentives had the lowest mean at 3.97, while the centralized information sharing and communication scale had a mean of 3.90 and the local projections and data scale had a mean of 4.10 (where 1 = not at all useful and 5 = very useful). Thus, it appears that a range of climate change resources are desired by respondentsparticularly those resources and tools that focus on providing local data and information about climate change such as predicted changes in rainfall, temperature, and sea level rise.
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Roughly half of the surveyed natural resource professionals throughout NYS stated that they were aware and informed of the phenomenon of climate change. This proactive response and 
Roughly half of the surveyed natural resource professionals throughout NYS stated that they were aware and informed of the phenomenon of climate change. This proactive response and leadership at state and local levels of natural resource professionals is encouraging. More than half of the respondents indicated that they were actively engaged in addressing climate change in their professional capacities. Most of the actions taken by respondents were climate mitigation actions focused on increasing energy efficiency in buildings or transportation systems. Actions such as changing light bulbs or switching to hybrid vehicles all help to reduce greenhouse gas emissions, but, as indicated by the high rating of "fiscal savings" under influencing factors for those taking climate change action, the likely driver was the pressure to reduce expenses associated with rises in fuel costs. In contrast, climate adaptation actions were largely aimed at community outreach and education programs with few conducting vulnerability assessments, implementing specific actions, and monitoring impacts. For example, culvert re-sizing, cited as a climate action by some respondents, is a key strategy to address the increase in storm intensities and associated stream flooding.
For climate change beliefs, nearly all (88%) natural resource professionals believe that science indicates that our climate is changing; however, fewer believe humans are responsible for climate change (72%). This finding is consistent with studies of the US general public, which show that from 2006-2014, while over half of respondents (57%-85%) believed that climate change was happening, fewer (46%-83%) believed that climate change is caused by humans [22, 23] . While our findings are consistent with more recent studies of climate change beliefs, it is possible that our study may not reflect more recent fluctuations in climate beliefs.
Less than half of NY's natural resource professionals took no action on climate change, meaning that over half did. Only about one in 10 respondents questioned the reality of climate change, but up to 1/5 of them did not understand the relevance to their work. Not understanding the relevance of climate change to one's professional responsibilities highlights a need for guidance about climate change that is job-specific to natural resource professionals. Most respondents (69%) felt there was insufficient information available about the local effects of climate change or how to address those impacts.
The primary barrier to incorporating climate change into work actions included a serious lack of both financial and human resources. A majority reported that the expenses associated with climate change actions outweighed the potential benefits of taking action. The need for addressing climate change during a national economic downturn and accompanying statewide cutbacks is a serious barrier to a proactive approach to climate readiness in NYS. Government officials at every level are often forced to focus on short-term, immediate needs.
However, in the long-term, a crisis remediation approach may be costlier than being proactive, as evidenced by the average $50 million emergency aid that is needed annually to deal with flood damages across NYS [3] . The $20 billion remediation price tag associated with 2012 Hurricane Sandy provided convincing evidence that climate adaptation investment now could save money and lives in the near future. In response, NYS Governor Cuomo created the NYS2100 Commission, which produced a report that provided explicit guidance that focuses on increasing resilience and climate readiness [12] . The report outlines strategies for water infrastructure-related topics, ranging from wastewater treatment and drinking water supply to dam safety, and even extends to wetlands, stream management and coastal zones. However, the Commission Report does not address the topics of wildlife, invasive species, and forestry, which are critical gaps in a state with over 18 million acres of forestland [13] . Natural resource professionals have a significant role to play in terms of ensuring that all aspects of resource management are incorporated into adaptation planning.
As managers and educators responsible for local water, land, and wildlife resources, natural resource professionals witness changes resulting from climate change first-hand and make key decisions that will influence the resiliency and sustainability of these resources and what people know about them. Many of these professionals also live and work directly and within their surrounding communities and are often familiar and trusted, and, therefore, can provide leadership and information that may be more likely to be accepted by private citizens. As such, natural resource professionals play a vital role at the local and regional levels. There is a need for leadership in the form of policy mandates, incentives, and guidance that is complementary to local and state level natural resource professionals to promote a sound natural resource strategy in support of climate change readiness.
Conclusions
The natural resource professionals surveyed provided several consistent recommendations that would help NYS become more climate-ready. Specifically, they emphasized the need for (1) increased monitoring of changes in native and invasive populations, with associated early detection and response programs; and (2) increased protection, restoration, and expansion of habitat, riparian buffers, and migratory corridors to foster natural ecosystem processes that will buffer climate change impacts. Additionally, natural resource professionals desire decision tools and incentives, as well as centralized information sharing and communication. These perspectives can provide a solid framework for a statewide policy focused on natural resources and climate change. Similar conclusions, and, particularly, the key role of increased monitoring, were identified by Mawdsley et al. [24] and by Scott and Lemieux [25] and Baron et al. [26] in their separate analyses of strategies needed to address climate change impacts on protected area management in Canada. However, Scott and Lemieux [25] discussed the need to re-think the role of species considered as alien or invasive, which may be migrating to cooler, northerly locations and, instead of representing a threat requiring a rapid response, may instead be key in replacing those species that can no longer tolerate the higher temperatures and changed climate. Scott and Lemieux [25] also highlighted the importance of recognizing and adapting to the increasingly dynamic nature of formerly "stable" ecosystems within defined park boundaries. Successful flexibility by managers to adapt and respond to climate change impacts was additionally linked to an adaptive governance system, which empowered the managers through financial support and legislation [27] .
